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Efficacy of a Recombinant Genotype
VII Vaccine against Challenge with
Velogenic Newcastle Disease Virus

Abstract

Background: Newcastle disease virus (NDV) genotype VII has become the dominant genotype
in China. However, NDV genotype |l was used to make current commercial NDV vaccines. The
mismatch of genotypes between circulating and vaccine strains of viruses may compromise the
efficacy of vaccines.

Methods: In this study, a current circulating NDV was attenuated by mutations of multiple basic
amino acid motif of fusion cleavage site ""?RRQKGF'"” based on reverse genetic techniques. The
recombinant virus was prepared as an inactivated vaccine to test its efficacy and compared with a
commercial LaSota NDV vaccine on SPF chickens.

Results: All vaccinated chickens survived by the end of the study. By contrast, the unvaccinated
chickens were all dead before 5 days post-challenge (DPC). Compared to commercial LaSota vaccine,
the experimental inactivated vaccine elicited earlier and higher titer of HI antibodies and had reduced
titer and duration of virus shedding after challenge.

Conclusion: The experimental inactivated NDV vaccine may work as a promising vaccine

candidate to control the disease.

Abbreviations

NDV: Newcastle Disease Virus; DPV: Days Post-Vaccination;
DPC: Days Post-Challenge; ELD, : Median Embryo Lethal Dose;
EID,: 50% Egg Infections Dose

Introduction

Newcastle virus (NDV) is an enveloped, nonsegmented single-
stranded negative-sense RNA virus belonging to the genus Avulavirus
within the family Paramyxoviridae [1]. NDVs are phylogenetically
separated into two classes (I & II) and further classified into different
genotypes based on genetic differences [2]. Genotype VII viruses
within class II that merged decades ago are now the major genotype
of virus that are circulating in different countries including China [3].
The genome of NDV is approximately 15kb and encodes 6 structural
proteins including nucleoprotein (NP), phosphoprotein (P), matrix
protein (M), fusion protein (F), hemagglutinin-neuraminidase (HN),
thelarge protein (L), and two nonstructual proteins Vand W. The NDV
strains can be grouped as highly (velogenic), moderately (mesogenic),
and weakly pathogenic (lentogenic) pathotypes according to cleavage
site of fusion (F) gene which works as a virulence-determine gene [4].

Genotype VII NDV is a large and genetically diverse group
of viruses which currently divided into 9 subgenotypes VIla-VIIi
[5]. All genotype VII viruses are predicted to be virulent with wide
geographical distribution [1]. Commercial NDV vaccines including
LaSota have been widely used in China decades ago. However, the
sporadic outbreak of NDV genotype VII was reported which question
the efficacy of commercial vaccines to the field viruses [6]. Also,
the most widely used NDV vaccines including LaSota and B1 were

NDV genotype II strains [7]. The cross-protection of vaccines to
genotype VII virus was seldom explored. In this study, we developed
an inactivated NDV genotype VII vaccine based on reverse genetic
techniques and compared its efficacy with commercial LaSota vaccine
on SPF chickens.

Material and methods
Virus

NDV strain PLK-N-06 was isolated from an outbreak of ND in
chickens and identified as velogenic [intracerebral pathogenicity
index (ICPI) = 1.79, mean death time (MDT) = 49 h]. Phylogenetic
analysis results showed that it belongs to NDV genotype VIId. The
virus was grown in 10-day-old embryonated SPF chicken eggs.
Allantoic fluid was collected for use.

Construction of recombinant virus

RNA was extracted from the virus with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. Seven pairs of primers were used to amplify full-length
cDNA of PLK-N-06 by RT-PCR and then cloned into pCMVTNT
plasmid as previously reported [8]. To attenuate PLK-N-06 virus, the
F protein cleavage site was mutated with overlapping PCR by altering
12G-R-Q-G-R-L'7 from '?R-R-Q-K-R-F!'Y, The above constructed
plasmid was next transfected with helper plasmids containing the
individual NP, P, and L genes into BHK-21 cells using lipofectamine
2000 (Invitrogen, USA). After 3 days, the supernatant of cell culture
containing the rescued virus was inoculated into allantoic cavities of
SPF eggs. After 3 days, the allantoic fluid was harvested and the virus
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was detected by the hemagglutination (HA) test. The rescued virus
was designated as N7a.

To check the stability of rescued virus, allantoic fluid containing
virus was used to inoculate SPF eggs for ten consecutive times. RT-
PCR was performed to confirm the genetic stability of the mutated
F gene.

Vaccine efficacy study on chickens

The attenuated N7a NDV was inactivated with 0.1%
formaldehyde. The vaccine was prepared by emulsifying the above
antigen solution with light mineral oils (MARCOL 52, France) at a
ratio of 33:67 (V/V). The final dose of the inactivated vaccine contains
2x10°EID, / per bird in 20uL. A commercial LaSota NDV vaccine
(Dahuanong Biological Co. Ltd, China) was used according to the
instruction of manufacture. Hemagglutination inhibition (HI) tests
were performed by using LaSota and N7a antigen, the similarity of
HN protein between these two strains of viruses was 90.2%.

Forty 28-day old SPF chickens were divided into 4 groups with
10 chickens in each group. The maternal-derived HI antibodies
were tested to be negative. Chickens in first two groups were
vaccinated with 20pL experimental N7a vaccine or LaSota vaccine via
intramuscular route. Chickens in next two groups were vaccinated
with PBS as controls. After 28 days, the chickens in the first three
groups were challenged with virulent PLK-N-06 NDV with 10°
ELD,, via intramuscular route. The chickens were kept for 14 days,
and monitored daily for clinical signs and mortality. Chicken blood
was collected to measure HI antibody titer at designated days.
Oropharyogeal and cloacal swab samples were collected to isolate
virus on chicken embryos and test the virus load by using EID, . All
chickens were kept in isolators and the animal experiments were
approved by the Institutional Animal Care and Use Committee at
National Research Center for Veterinary Medicine and conventional
animal welfare regulations and standards were taken into account.

Statistical analysis

Statistical analysis was performed by one-way ANOVA test
contained in the Prism 5.0 software package (GraphPad software
Inc., San Diego, CA, USA), and a p value of < 0.05 was considered
statistically significant. Results are expressed as means and standard
deviations.

Results
Generation of recombinant N7a NDV

The ICPI of PLK-N-06 NDV was 1.79 and belonged to velogenic
strain. Due to the biosafety consideration, this virus has to be
attenuated before applying as a vaccine. A cDNA clone encoding
virus genome was synthesized by RT-PCR which was faithful copy of
PLK-N-06 consensus sequence except for three amino acid changes
in F protein. The mutated PLK-N-06 was designated as N7a and
was recovered by transfection of BHK21 cells with cDNA plasmids
and three helper plasmids. After 3 rounds of freeze-thaw cycles, the
supernatant of cell culture was inoculated the embryonated chicken
eggs. After 3 days, the recombinant N7a virus in the allantoic fluid
was successfully rescued and confirmed by RT-PCR and sequencing

(data not shown). The mutation in F gene was also confirmed by
gene sequencing. The ICPI of N7a virus was 0.36 which belongs to
lentogenic pathotype of NDV.

To characterize the rescued recombinant N7a virus, EID,, and
HA of 3™ passages of virus were measured and compared with the
parental virus strain. As shown in Figure 1A, the EID_ of recombinant
virus was significantly higher than parental strain. Similarly, the HA
titer of recombinant virus was also significantly higher than parental
strain (Figure 1B). Therefore, the recombinant N7a NDV had a good
proliferation on SPF embryos. To test the stability of recombinant
virus, the 3™ passages of virus was successively passages 10 times
through SPF eggs, the introduced mutations in F gene was confirmed
by RT-PCR which indicated the stability of the recombinant virus.

Antibody response after vaccination

Commercial NDV LaSota vaccine was used and compared with
the experimental N7a vaccine as for the HI antibody response. The
HI antibody titers to LaSota antigen and PLK-N-06 antigen were
measured separately. As shown in Figure 2A, the HI titer of N7a to
Lasota Ag was higher than the titer of LaSota, but the difference was
not statistically significant. By contrast, N7a vaccine elicited earlier
and significantly higher titer of HI titer to PLK-N-06 antigen at
each time points as shown by Figure 2B. Therefore, vaccination of
N7a generated equivalent titer of HI antibodies to LaSota antigen
but significantly higher HI antibodies to PLK-N-06 antigen which
indicated N7a vaccine may have a better protection to NDV genotype
VII infection.

Protection to a velogenic NDV challenge

At 28dpv, the chickens in the first three groups were challenged
with a velogenic NDV genotype VII strain PLK-N-06. The chickens
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Figure 1: ELD,; (A) and HA (B) titers of recombinant N7a virus and its parental
strain PLK-N-06. “*” indicates statistically significant (p<0.05).
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in the 4" group worked as a sterile control throughout the study.
All unvaccinated chickens displayed severe depression, respiratory
distress and diarrhea from 3 to 4dpc and 100% mortality at 4 dpc
(Table 1). By contrast, the vaccinated chickens were completely
protected without showing any clinical symptoms. At necropsy,
hemorrhages were found in the glandular gastric mucosa, intestinal
lymph nodes, and heart of unvaccinated chickens. No gross lesions
were found in all vaccinated chickens and sterile control chickens
which were euthanized at 14 dpc.

The shedding of challenge virus was examined from oropharyngeal
and cloaca swabs at 3, 5, and 7dpc. As shown in Table 1, virus was
isolated from the cloacal swab samples of one LaSota-vaccinated
chicken at 5dpc and one and two chickens in oropharyngeal and
cloacal samples at 7dpc, respectively. By contrast, there was no virus
detected in N7a vaccinated chickens at above corresponding time
points. As expected, no virus was detected in sterile control chickens.
Therefore, the above data suggested N7a vaccine could provide
complete protection to the velogenic NDV genotype VII challenge.

Discussion

The virulent NDV genotype VII has become the dominant
genotype since 2000s in China [12] [9]. Among genotype VII, the

La Sota vaccine
N7a vaccine
Challenge control
Sterile control

7dpi  14dpi  21dpi  28dpi

Day post vaccination

-e- La Sota vaccine
- N7a vaccine

-+ Challenge control
-+ Sterile control

0dpi

7dpi  14dpi 21dpi 28dpi

Day post vaccination

Figure 2: HI antibodies to LaSota antigen (A) and PLK-N-06 (B) after
vaccination.

sporadic outbreak of subgenotype VIId was recently reported [10].
The antigenic differences between the vaccine strain (exclusively
genotype II) and circulating strain (mainly genotype VII) may
contribute to the outbreaks of disease. Therefore, the new vaccines
based on currently circulating virus strain are urgently needed to
control the disease.

Several live attenuated NDV genotype VII vaccine were generated
by using reverse genetics system, and vaccination on chickens
showed good protection to the viral challenge [11]. However,
there is a potential risk for the vaccine virus regaining its virulence
during massive vaccination campaign in the field [12]. Also, virus
shedding of the live vaccines was constantly reported [13]. Therefore,
development of inactivated vaccine is necessary if it could provide
good protection as live vaccine does but reduce virus shedding. In
this study, we attenuated a virulent NDV genotype VII strain by
using reverse genetic techniques and used it as an inactivated vaccine
on SPF chickens. Compared with the commercial and previously
reported vaccines, our experimental vaccine had the advantages of
better performance of protection due to the higher HI titers without
the risk of spread of vaccine viruses as the live vaccines did.

The recombinant N7a virus showed good proliferation ability
on SPF eggs as the parental virus did (Figure 1). Both LaSota and
N7a antigens were used in the HI tests. HI antigen is related with
HN protein of NDV and the similarity of HN protein between these
two strains of viruses was 90.2%. Compared to commercial LaSota
vaccine, N7a vaccine elicited earlier and higher titers of HI antibodies
to N7a antigen. This was consistent with previous reports that HI
antibody titer can vary depending on homologous and heterologous
antigens used for testing. And homologous antigens were normally
found to elicited higher HI antibody titers compared to heterologous
antigens [7]. The equivalent titer of HI antibody titer to LaSota and
higher titer to PLK-N-06 indicated the N7a could work as a good
vaccine candidate.

Since there were no clinical symptoms observed after virus
challenge in both vaccinated groups, the challenge virus shedding
worked as an important parameter to evaluate the efficacy of vaccines.
Compared with commercial LaSota vaccine, there was no virus
shedding in both oropharyngeal and cloacal samples after PLK-N-06
challenge in N7a vaccinated group which further confirmed the
advantages of N7a working as a vaccine candidate to control NDV
genotype VII infection.

Table 1: Frequency of isolation of challenge virus in chickens and virus titer (EID

50)'

Number of viral shedding chickens after PLK-N-06 challenge
Group 3dpc 5dpc 7dpc
oropharyngeal cloacal oropharyngeal cloacal oropharyngeal cloacal
LaSota vaccine 0/10 0/10 0/10 1/1010"2 :gﬁs ?anv
N7a vaccine 0/10 0/10 0/10 0/10 0/10 0/10
Challenge control 10/10 10/10 / / ! /
Sterile control 0/10 0/10 0/10 0/10 0/10 0/10

“/"indicates no data available since chickens were all dead at these time points.
“#’indicates the geometry mean of two positive samples.
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Conclusion

To conclude, we prepared and evaluated an experimental

inactivated NDV genotype VII vaccine on SPF chickens. The

a

ntibody response elicited by vaccine and results of virus challenge

study indicated it could work as a good vaccine candidate to control
the disease.
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